Cleavage of ATP by Mouse Uterine Chromatin after in vivo Administration of Oestradiol
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The capacity of mouse uterine chromatin, prepared according to TENG and HAMILTON, to degrade 8-14 C-ATP to ADP, AMP and adenosine and to cleave y-32 P-ATP to inorganic phosphate and other still unknown phosphorylated byproducts has been demonstrated over a wide range of conditions of the template assay. The dependence of the reactions on the time course of incubation, on the chromatin quantity and on the temperature was studied. In vivo administration of oestradiol depresses the apparent ATPase activity of mouse uterine chromatin consistently by 10 -35 per cent, depending on chromatin preparation, amount and incubation period. The data are compatible with the suggestion that mouse uterine chromatin may contain low quantities of ATPases which are firmly bound to the chromatin structure and which might interfere with the template assay under average conditions, depending on the chromatin preparation. The findings are discussed in view of the possible role of ÄTPases in uterine chromatin under oestradiol influence.
Recently we found that the ability of mouse and rat uterine chromatin to act as template for in vitro RNA synthesis, using E. coli RNA polymerase, is inversely related to the ribonuclease activity of the same chromatin 2 . Intraperitoneal administration of oestradiol to mice decreases the apparent template activity compared with that of control chromatin. In rats, however, oestradiol increases the activity. Relatively high template activities are correlated with relatively low RNAse activities, and vice versa. These observations suggested than an assay of the template activity of the chromatin may, therefore, not give a quantitative measurement of the sites free for transcription, hence of gene activity, as commonly assumed 3 ' 4 .
Using 14 C-ATP to measure RNA synthesis in the template assay, we asked whether ATP itself might be attacked by chromatin-inherent enzymes under the conditions of the template assay. We now report that mouse uterine chromatin is indeed capable to degrade ATP to ADP, AMP, adenosine, inorganic phosphate and other still unknown products. Moreover, in vivo administration of oestradiol depresses the apparent ATPase activity of mouse uterine chromatin, as tested in vitro.
Materials and Methods
Treatment of mice, chromatin preparation and quantitation were performed as described in detail elsewhere 1 ' 2 .
ATPase assay of the chromatin: Sonicated chroma- Although the depression by about 20 per cent seems small and varies considerably between chromatin preparations, a difference has been consistently found with all chromatins tested ( Table I ). The dif- Table I . The effect of intraperitoneal administration of oestradiol on the apparent ATPase activity of mouse uterine chromatin, as tested in vitro on several preparations. Chromatins from oestradiol-treated ( + ) and untreated ( -) mice were incubated with 8-14 C-ATP or y-32 P-ATP at 37 °C for the periods indicated. For other details see Materials and Methods. Each horizontal line gives the values of one experiment, 'hormone' and 'control' chromatin being simultaneously prepared under identical conditions. The temperature dependence of the apparent chromosomal ATPase activity is shown in Fig. 6 . Again the hormone effect in this experiment agrees with the general observation that less Pj is released from y-32 P ATP by chromatin from oestradioltreated than by chromatin from untreated mice. Fig. 6 . The temperature dependence of y-32 P-ATP degradation following the reaction with chromatin from oestradioltreated ( + ) and untreated ( -) mice. Incubation of 16 jug of chromatin DNA for 30 min at 37 °C. Ordinate as in Fig. 3 .
Discussion
Mouse uterine chromatin, prepared according to MARUSHIGE and BONNER 6 , as modified by TENG and HAMILTON 7 , contains RNAse activity which may interfere with RNA synthesis in an in vitro assay of the template activity 1( 2 . The studies reported here demonstrate that mouse uterine chromatin may, in addition, be capable to degrade ATP which is used in the template assay. Consequently, the question should be raised to which extent the apparent ATPase activity of mouse uterine chromatin might also interfere with the template test. It appears from Figs. 1 and 2 that under the average template assay conditions (about 1 jug of chromatin DNA, 37 °C, 10 min) less than 10 per cent of the input 8-14 C-ATP will be degraded by this particular chromatin preparation. However, the data of Table I suggest that other chromatin preparations may well reveal higher apparent ATPase activities. Since all chromatins were prepared by identical methods, it appears that the differences, from experiment to experiment, are mainly due to biological variations of the animal conditions. It should be noted that 'hormone' and 'control' chromatins were prepared simul- were not.
At present we can only speculate as to the role of the apparent ATPase activity changes in the uterine chromatin due to hormone treatment. One of the earliest effects of oestradiol is an increase of water and sodium influx into the oestrous uterus and an increase of synthetic capacities of the chromatin, termed gene activity, accompanied by nuclear sweling. Since there is evidence to suggest that Na + , K + -stimulated ATPase is an essential mechanism by which cells maintain a low concentration of sodium 12 , it appears that a decrease of ATPase activity should allow an increase of sodium influx into the chromatin. ATPase would thus be one of the few enzymes whose activity is depressed by oestradiol in contrast to the many stimulated by the hormone.
